A new and simple model enabling a chemical species to be brought to a preselected site In single strand DNA is reported. Two ollgonucleotldes containing a propanedlol linkage were hybridized to their complementary sequences with an extra-base opposite the propanediol derivative. Absorption studies results shown that the addition of a bisacridine derivative strongly increased the stabilities of both duplexes when added in a 1:1 ratio. NMR studies on one of these duplexes brought evidence of the intercalation of the bisacridine at the position Involving the propanediol linkage. These results suggest that this system could be used to target a specific reaction at a preselected position using the bisacridine derivative as carrier for the reactive species.
INTRODUCTION
Until the present time the common method employed for carrying out specific and selective modifications such as alkylation (1) or cleavage (via chemical or photochemical reactions) (2) (3) (4) (5) (6) (7) (8) at a preselected site in nucleic acids or oligodeoxyribonucleotides has been based on the use of oligonucleotides linked to a drug and whom the sequence was complementary to the target in DNA or RNA in order to bring a reactive group close to the region to be modified. This method requires a great deal of long and complicated chemistry to covalently link the various sets of reactive groups such as chelating agents (EDTA, porphyrine or phenanthroline derivatives) or photoreactive species (azidophenacyl, azidoproflavine) to an oligodeoxyribonucleotide. Most recently described methods, however, enable the introduction of chemical species which are not stable under the conditions required for a complete synthesis of oligonucleotides. One feature of these synthetic methods is based on the coupling of the reactive group with the deblocked oligonucleotide (9) (10) (11) . However, another problem remains in the case of chemical species which are very reactive with the solvents and the oligonucleotide carrier itself (such as alkylating reagents). We report here a new and simple model for bringing chemical or photochemical reagents to a preselected site in DNA. The first step of this method consists in selecting the target by using an oligonucleotide with a complementary sequence in the middle of which one nucleoside has been replaced by a 1-3 propanediol (which retains the carbon chain of the phosphodiester backbone) at the site chosen for modification. This modification in the local double strand makes it possible to specifically insert a bisintercalating molecule capable of carrying a reactive group via a linker. As control the same studies were developed using an oligonucleotide with the same sequence and lacking the 1-3 propanediol residue creating so a iopped out' base on the complementary sequence. We report here the results of absorption spectroscopy and NMR studies carried out to investigate the feasibility of the method.
EXPERIMENTAL SECTION
The synthesis of the oligodeoxyribonucleotides I, 2, 3, 4, 5 and 6 ( Figure 1 ) used in this study was performed on a Pharmacia DNA synthesizer by the commonly employed phosphoramidite method (12) and by the previously described procedure (13, 14) for the preparation of oligodeoxyribonucleotides 1 and 6. involving the 1-3 propanediol. Bis /3-<9-acridinyl) aminoethyl amine bisacridine [BAcr] , was obtained as in (15) using the 2,2'-diaminodiethylamine instead of a spermine linker. Optical measurements were carried out on a Cary-210 spectrophotometer in thermostated quartz cells of 1 cm or 1 mm path lengths (or in tandem cells). The molar extinction coefficient used for bisacridine derivative [BAcr] was X 408 ran = 16,000 M~' cm" 1 (from the absorbance value of a solution of a known concentration determined by weight).
Measurements were carried out in a pH 7 buffer containing 10 mM sodium cacodylate and 0.5 M NaCl for the duplexes I, n and m or 0.1 M NaCl for the duplexe IV.
The oligonucleotide solutions studied by NMR were passed through a Chelex-100 column in order to remove the paramagnetic impureties and adjusted at pH 7. NMR experiments were carried out on a Bruker AM-X500 spectrometer and processed on a X32 computer. The NOESY data were obtained from degazed solutions (3 mM in duplex) contained in sealed tubes. Two-dimensional data sets for COSY DQF, HOHAHA and NOESY spectra were collected in the phase-sensitive mode (16) . NOESY spectra were recorded with mixing times of 60, 100 and 250 ms. Typically, 2048 data matrices were collected for each of the 512 tl values. The 512 x 2048 data matrices were resolution enhanced by a Gaussian window in direction 2 an by a shifted sine-bell window function in direction 1.
RESULTS AND DISCUSSION Absorption spectroscopy results
The interaction between bisacridine derivative [BAcr] and duplexes I, n and III was followed by absorption spectroscopy in the visible range where only the BAcr ring absorbed light. Absorption could also be followed in the UV range below 300 nm where both the BAcr and nucleic acid bases contributed to the absorption. instead of the bisacridine compound [BAcr] did not exhibit different changes in the absorbance spectra using duplex I or duplex II. More than one monoacridine derivative was intercalated per hybrid (duplex I or duplex II). These results are in accordance with data reported in the literature concerning the absence of base specificity of the 2-methoxy-6-chloro-9-aminoacridine ring.
Upon increasing the temperature of duplex I, II and HI solutions formed at 2°C, hyperchromicity was observed in the UV range due to unstacking of the bases. Plotting the difference in abosorbance at X = 260 run between the 1:1 mixture and the sum of the two separated compounds gave the melting curves shown in Figure 3 . The corresponding melting temperatures (temperature at which half of the dissociation occurred) were quite different for the three duplexes. Replacing one nucleoside (deoxyadenosine) by 1-3 propanediol decreased the stabilty of the hybrid duplex I : Tm = 9°C ; duplex U : Tm: = 48°C (Figure 3) . A less destabilization was observed when the adenine residue was suppressed between the two cytosine bases duplex m : Tm = 30°C.
Increasing the temperature of the 1:1 [duplex I]/[BAcr] mixture formed at 2°C led to hyperchromicity (25%) and a blue shift These results showed that a specific interaction occured at the position involving the modification either the propanediol derivative (duplex I) with 'lopped out T' (duplex HI). However NMR investigations were undertaken in order to determine the location of the bisacridine derivative. An another duplex, more stable than duplex I (see Figure 1 , duplex IV) involving a quite similar unmatched site with a propanediol opposite to a 'T' but with more GC rich strands was synthesized. Similar studies to those performed with the duplexes I, II and IE were carried out by absorption spectroscopy with the duplex IV.
As expected, upon addition of duplex IV to a solution of [BAcr] at 2°C, similar spectrum modifications to those obtained when studies were carried out with the duplex I were observed [a red shift: X,,^ = 408 nm -X max 412 nm with the formation of an isosbestic point at X = 443 nm and = 47% hypochromicity reached at a nearly 1:1 ratio for duplex IV and BAcr].
The melting curves of the duplex IV and of its mixture with the bisacridine derivative in a 1:1 ratio were determined as described above for duplexes I, II and HI except that experiments were carried out using 0.1 M NaCl instead of 0.5 M NaCl 
NMR results
Assignment of the resonances. Figure 5 shows the H8 or H6-H1' connectivities of the mixture (1:1) between the duplex IV.
d(5' CTGTCGTCGGC3') 123456789 10 11
d(3' GACAGCXGCCG5') and the bis acridine derivative, BAcr
Except for the terminal residues, each of the H8 or H6 resonances presents two NOE effects with the HI' resonances. By using the fact that in a B DNA model the distance Aro(n)-Hl'(n) = 3.8 A is quite similar to the distance Aro(n)-Hl '(Nil) = 3.6 A and by noticing that the 5'-terminal residue resonance only presents a NOE effect with its own HI', all the H8, H6 and HI' resonances were sequentially assigned. The same procedure was repeated with the H2' and H2" protons. The H2 resonances of the adenines, recozignable by their long relaxation time, shown some connectivities with the HI' protons of the neighboring residues. The H5 of the cytosines and the CH3 resonances of the thymines were located on the COSY map and assigned by using their proximity with the aromatic proton of their 5' neighboring residue. Figure 5 and 6 show the NOE effects observed between the protons of the bisacridine and the protons of the duplex. We observed several connectivities with the residues C8(H6,H5), C6(H6,H5,H2") and Gl 1(H8,H2',H4'). These NOE effects pointed out the proximity of the dye in the mismatch sequence d(..G T C ..) -d(.. C X G..). This conclusion is supported by the importance (up to 0.2 ppm until 0.55 ppm) upfield shift observed for several protons of the residues G6, C6, C8 and G8 upon complexation of the polycyclic drug. On the other hand, some weaker NOE connectivities were observed between the dye and the proton resonances of G11.
Location of the bisacridine derivative.
We concluded that in solution at room temperature, two conformations of the complex exist in solution. In one of them, the acridine derivative is stacked on the terminal base pair Gl 1-C11 and in the other, the bisacridine moiety is sandwitched between the base-pairs C6-G6 and C8-G8. This last conformation requieres the spacing of the C6-G6 and C8-G8 base pairs. The examination of models of DNA shows that a such change in the conformation of the oligonucleotide is accompagnated by a decreasing of the torsion angle of the neighboring residues. As a matter of fact, important downfield shifts (0.2 to 0.5 ppm) of some sugar protons of the cytosines C6 and C8 were observed. These downfield shifts are indicative of changes in the stacking of the bases and support the conclusion that the intercalation of the bisacridine involves an important change of geometry of the oligonucleotide. Moreover, examination of the NMR data showed that the intercalated conformation was more likely than the stacked conformation.
CONCLUSION
The results of the absorption spectroscopy and NMR studies described above confirmed that a medium size oligodeoxyribonucleotide in the middle of which one nucleoside has been replaced by a 1-3 propanediol residue can hybridize with its DNA complementary sequence and create a strong binding site for a bisacridine derivative. The intercalation of the bisintercalating agent, assessed by NMR, strongly stabilizes the duplex [ATm = 13°]. Another system, studied as control, in which the propanediol residue is lacking, creating so a 'lopped out' base on the complementary sequence, has been shown a less efficient system.
The results show that by using the method described above, it is possible to bring selectively a bisacridine derivative to a chosen site of an oligodeoxyribonucleotide via local double strand formation. By covalently attaching a reactive species to the bisacridine derivative (via the amino group of the linker) it should be possible to induce specific modifications at a preselected site in DNA. The preparation of oligonucleotides of various lengths and sequences involving 1-3 propanediol is easily made by the automated method. Whatever the base sequence target in the DNA strand may be, the same species is used (bisacridine derivative carrying a functional group). It appears therefore possible to target a specific modification to any DNA (or RNA) sequence. Studies along these lines are currently under way in our laboratory.
